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S1E U7&1T CLASSIFICATION OF TI.,IS PAG(flm Does En. d)

and F$SP mossurementsl however, there was a factor of three difference
between the FSSP and ASSP droplet concentrations which may have been

due to a malfunction of the FSSP. Comparisons of ASSP and soot impac-
tion slide data showed good agreement for measured droplet size, but a
sampltng problem with the cloud gun may have resulted in excessively
high concentrations.

The 20-C probe response was found to be in close agreement with PMS specifi
cations for particles > 100 Um. For the lower size channels the counting
efficiencies were determined to be higher than indicated by PHS but these
results could also have resulted from the missizing of larger particles.

The ID-C probe undercounted particles in the lower channels (f 140 um)
due to the reduced depths of field for these channels. Revised depths
of field rangaedfrom 3.23 um for the first channel (compared to 1.45
given by PiS) to 92.72 mmf&r th aeightb channel. (compared to 61.00 mm),
with decreasing values for higher channels. The measured diameters of
particles Increased as the particles were detected further from the focal
plane of the laser beam. This resulted In slight oversizlng of the
particles by about 25% near 100 um and decreasing to < 10 % near 250 Pm.

The FSSP and ASSP probes responded to ice particles with a nearly uniform
distribution of counts in all channels. These counts yielded concentra-
tions of ice particles 2 1/2 - 3 1/2 orders of magnitude higher than those
actually present.

Suggestions for further investigation into cloud particle spectra measur-
ments are listed at the end of the report.

SfCIITY CLASSIFICATION O;F THI _P__f~..fat ne.q
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I. Introduction

_ The work-to be reported here>addressed the following objectives: (as

detailed in the Technical Proposal):

I.-Tompare bench determinations of ASSP and FSSP sample areas with

determinations during actual cloud sampling,

2.- Evaluate the accuracy of the overlap in size range between"FSSP

and ID-C probes;

3. -,Evaluate the response of the ASSP and FSSP probes to ice crystals.

4. --Check the statistical correction schemes used to deal with ID-C

counts in the lowest and highest size categories.

The information needed to accomplish these objectives was collected

by performing special tests with the probes in question. These tests

were conducted, for the most part, at the Elk Mountain Laboratory, during

times when the Observatory was enveloped by clouds. Bench and wind-

tunnel tests were utilized. In addition, data were derived from air-

craft penetrations of clouds, with identical probes as those used at the

Observatory. 7

The tests have yielded some important new insights on the questions

formulated in the objectives. These results should be helpful to inter-

pretations of data collected by AFGL and other research aircraft

PMS probes. However, as is the nature of research, the results also

revealed additional questions and yet unexplainable features, so that it

appears fruitful to pursue the evaluations further.

2. Instruments used in tests

a. Particle Measuring Systems (PMS) Axially Scattering Spectrometer
Probe (ASSP)

Model: ASSP - 1OO

History: This unit Is on loan to us by the Bureau of Reclamation.

The unit was refurbished by PMS during the summer of

1978. "Strobe' and "Activity" circuitry was added in

October 1978.

b. PMS Forward Scattering Spectrometer Probe (FSSP)

Model: FSSP-100
Serial No: 80-5T-7607-1980

History: This unit was leased from PMS for the duration of the

tests. The unit has been used by PMS as a reference

standard.



PMS Opt ica Array C loud Droplet Spect rometer Probe ID-Ct

ModelI: OAP - 20OX

ServialI No.:

H is tory Th is unit was I v.ased f rom PMS f or t hie durat i on oft t ie

t es t' I t had been -a I i bi a ted a t PMN to 20 :.'" c h,melI

widths on d7 March IVO.

d. PM 2D Otical IArray Spectrometer Probe (2D-C)

ModelI: OAP' - 2D-C

Serial No.: 193-0377-OIA

History: This unit was leased from PMS for the duration ot the

tests.

1. Procedure

The majority of the studies here reported were performed at the Elk

Mountain Observato:ry. A slow-speed (21; ms- ) wind tunviel was utilized;

twio probes at a time could be installed in (the wind tunnel. The wvi nd

tUnne I and t lie instrumen t pl at form on which supplementary measurements.

were taken are shown in Fiqure 1.

Data col lect ion was per formed ,ri mar ilIy dur inq per iods of t ime when

the Observatory was enveloped by clouds. Add it ionalI data we re obta ined

bi, %Onera t i no la rge numbers of stilI I i cc c ryst alIs near t he ent rance oft

the wind tunnel with a spray of l iquified propane.

The data process 'nq and recordinql systems were located ins ide the

Obse, vatorl

Table 1 ,uvrkari:c% the periods of field observation.

4. ResultN and Discussiin

a. S-~ area %tudle., is in LthASSP

With the ASS(' mounted on tfie bench, the electronic depth of field

was first determined with the method given b rms. This procedure invol-

ved p1 ac int) oscilloscowpe probes on the ampl ifier outputs from the signal

aInd annul us photodetCc tors before they are capac it i e 1 s decoupled. A

tiansluscent material is then passed from one extreme (if the braml to

thv oither, not intl the tvwo points where the s %jalsl ta,4c Crosses the

.111nulu'. vol taqj. These two pon-ints determined the actual depth of field

to be 4.0-14.1' imm. By project inq the beam at a ritihit angle onto a scale,

the beam width was dete, mined to be 0.18 mm. The depith of field and beam



FilUre I Wind tunnel at tacthed to in-tiu m nt latformit the Llk Mountain
Observato'rv ASSP , FSSr , I D-C .111,1 Zr-' probes we~re Il nsral I ed
one-fo.urth o~f the~ wa tit trc~ t he oiai1 fan blowe~r a~t the kt ,ttom~
of t he t unnel.



TABLE 1 1978-79 SUMMARY

OF FIELD TEST PERIODS

DATE ASSP FSSP ID-C 2D-C COMMENTS

12 Mar 79 Installation of instruments

13 Mar 79 v Study of effect of ice particles
on ASSP spectrum

16 Mar 79 V Comparison of ASSP - ID-C in over-
lap region

12 Mar 79 V Small ice particle studies

25 Mar 79 V ASSP-FSSP intercomparlson

V V/ Small ice particle studies

/V Comparison of ASSP-1D-C in over-
lap region

,/ Glass bead calibrations in lab

using mobile aperture

2 Apr 79 V Glass bead-calibration in lab
using mobile aperture

V V Small ice particle studies

/ V Mobile aperture affixed to 20-C

3 Apr 79 V V Mobile aperture affixed to 2D-C

V V Mobile aperture affixed to ID-C

V, Study of effect of ice on FSSP
specturm

v' Small ice particle studies

4 Apr 79 1/ Comparison of ASSP - ID-C in
overlap region

KEY: ASSP - PMS axially Scattering Spectrometer Probe
FSSP - PMS Forward Scattering Spectrometer Probe
ID-C - PMS ID Optical Array Spectrometer Probe
2D-C - P4S 2D Optical Array Spectrometer Probe

4q



diameter measured agreed favorably with those specified by PMS when we

received the ins.rument (4.0 mm and 0.18 mm, respectively). Although

the beam diameter and depth of field determine the total sample area, the

effective sample area is smaller due to the velocity rejection circuiLr1

which is used to minimize edge effect errors. This mechanism gives an

effective sample area 62o of the total area according to the PMS data.

The accuracy of this value was tested while the ASSP was on the bench

according to the following procedure.

An aluminum tube, fitted with glass windows,was fabricated to fit in

the throat of the ASSP. A movable brass slide was inserted just far

enough to be secure and yet not have its flattened side in the air stream.

The apparatus is shown in Figure 2. After adjusting the tube so that the

laser beam of the ASSP passed cleanly through the windows, a vacuum hose

was attached to the tube and air was drawn through at an approximate rate |

of 18.5 ms- . At first 200-300 glass beads, 10-15 Pm in diameter, were

passed through the tube to establish a steady velocity average. The brass

slide was then pushed completely into the calibration tube until snug and

400-500 more beads were passed through the tube. After totaling the coJnLs

seen by the ASSP, the brass slide was removed and placed under the micro-

scope where the glass beads which stuck to the silicone coated surface

were counted over a representative area. The effective sample area was

determined from the ratio of concentrations and the sampling on the slide

by the formula:

ESA = NA*SA/NS

Where: ESA - Effective Sampling Area
NA = Total counts seen by ASSP
NS = Total counts over slide area
SA - Slide Area over which heads were counted.

Using an average over several runs, the effective sample area was

found to be within 10% of that determined by PMS, with our value shown to
2 2be 0.35 mm while the PMS value was stated to be 0.32 mm . The velocity

rejection percentage is thus higher (68%) than the original specifications

state (62%).

This calibration technique has been utilized on several occasions and

was found to be an effective method of checking the sampling area of the

ASSP from time to time.

5



SI LICONE
COATED SLIDE

GLASS BEADS

ASSP CALIBRATION TUBE

Fiqure 2 The ASSP Calibration Tube used in the Studies.
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b .ASS Pf arid c Io ud qun s, I i d v i nt e rcorpa r i -on

A to talI of 63 soo t-coa ted P la-mt i c ,,I ides (CG;S) weree\'tj

droplet impact ion dur ing tile 1978-79 field Noason at F 1k Mount ai.

one of these s I i des we' roconPa red w it h AS Sf da La r-ec0rded diir- i nil t heo

s a ne per i cds otf t i !ire. The reria i rider of the -,I ides wer e e I ii rico ed fi

the com;)ar sons due to occas ionalI faJ I Lire C ) t he C lIi u1d ri~Teca i, or 1

ASS P i ci nq in thei w ind t unnieI. or detfec t ive soo t coa t rugs'.

At ter s iz ino the craters in the soot arid d r ivinq thle corre-spond i fi

dropl et d iameters; . the data was Stored in thte comnput er anid i nuter oft

graphical analyses were conducted. Figure 3 shows a typ;ical spect ijI

comparison as measured by the cloud qJun and ASSP. Thle first timrro wh iCh1

may be noted are the differences in spectral width a nd coMnrtrat ions .

The broadeni ng of the spect rum by the ASSP has been alI so doc UMert ed prey-

iously (Walsh. 1977). The di fference in concentrat ion,, doe' appear- Iu:-

:I inq in 1 iqtht of aircraf t stud ics which shiow that typical iv. forcoot

t ions ,500 Cm Ij3 the ASSP tends to measure Ii igher conceit rat ions than

those seen bv the cloud gun. The reason for this discrepancy wil Ib e

discussed helow.

FiQujres 4 t hroughi 7 show thte comnpar isons betweeni ASSP and CC'S conlceo-

trations. mean diameters, standard deviations of tile I'ea: diamleter

arnd liquid water contents. Fiigure 8 shows a port ion of an ASSP record

averallea over ;0 intervals for ' 3 hours, withi the co r re oliII

C GS Va1 Ie .JO It Is obvious from this qraph tha1t thle CIloud pracett t Xi1

,x ,,-harpl v over rel at ivel y short per iods of t ime. This is (lot e ' '

33

the con tiniuous lv recordi ng ASSP -l, 1 2 cm3 / Samp I e at 5 mrs fo r the 1 CC G . 11e

difference in pos it ion of the two sampl i ng rinstruments ray aCCOunt tom '10

of the scatter (this will be diSCuISSed fur-ther- below)0.

Duri ng thle field season, 1 iqui d water wa-s alSO he itk rgmeasured M' I

rotat ing riing rod1 whose mass accret ion rate determiined thle l iquid waoter

content of thle air. The sampf inq time of this device was typica)l l-I

min. As seen in Figure 9 the relative var iat ions for the r imit ,,1 r 11d a t te

ASSP appea r to be a good agreemen t but the absol ute VA 1 nes are rio10' c

recoric i Ilabe v. These da~ta ap"I'ar to reinforce the cred ib i I i tv of tire -\ssl

whi le rais ingi somie queVSt iorls IS to te OVa1 l iitv VOf ',orr1 Of tieO da1ta 0 l)

det eiiined b flt, CGS.

7
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Figure 3 Differential and cumulative concentrations plotted against
diameter for cloud droplets sampled by the ASSP and CGS at
155600, 9 January 1979, at the Elk Mountain Observatory.
The ASSP and CGS sampling times were 1 s and 5.8 ms
respectively. ASSP droplet concentration was 131.4 cmf3,
the corresponding CGS value was 334..9 clij3 .
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Figure 8 Variation with time of ASSP-rneasuied parameters from 1230 it, 151',

on 10 Jan 1979. (a) Liquid water content. (b) standard deviat ion of the
mean diameter, (c) mean diameter and (d) droplet concent rat ion. A ()
averaging period was used to "smooth out"' the data. CGS vaiute, of tht,
parameters are also indicated (e).
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PTe conceil rat ions as measured h'N tielt, O ' e 4, tvjp al .i .1, I'

2-3 kqreat'r- thanl those me asured til the A~Ss.r. The first sari IO*

this di scroparicy appeared to he t h.t t here were 1
055L'', in tlt, ' In.

due to tur bulence. Af ter- the compar ison wit h r'iI l Ii. *I'd\''.

.Vea i tO 1W A re accura tel y Incas rino t lit Ctlic n (idIions Tile '

dii ~ l 1,0111.1 Used at 'the t, vato x).u older %*ets;l 01' '

\'pe Ilto ~ iseI 011i 00ii1 Ait r a t t It '. 'illipliiqI AilW ti t i.. hkt * . I'.

st reami ino cojr~ nsaw-ln' o \ohice iii Oi he h'l hair '",Iu;ra' s 4

in tfie calcIfl't ol r.'r' o.r he cImok,~' e 'rodl iit #"T I'* lt~'

f iI d s easonl to ha v e a % amp I i nO c ro', s sec t i on dup I I t i i t liat f' t tit,

a ircraf t svs te The t irrminji mechan i -l i s JlISO the ii 111updjt ed t o i.I '.IN

its accuracy; t he t i mi nq~ oft the exposkure t illme for- th i p PAt *a'.orIS ilu Id

not take i n to acCoun tsmal IIva riat ions ii 11"I do Li as sanle t i nrce a s dot, t h~e

c ur ren t a irc raIFt sys;t em . We 111t i c i pa te t ha t thle d i -.r% ep.1lC \ be t vtiil t ' I'

i ns trumen ts wil be resolIved i n thle ColnIig IFi e I season %,dit h t he -tr.)v i'

geome try and ti m ino anid i nser t i on oft the cl Ioud gun in1 th I urin
1 Oe\ t.' te

ASSP rather tilan at the nwiuth ot the tunnel

c.AFSSP Compisons

The ASSP and FSSP were pos i t lored toqetheL~ i n t he wiind %liote I

a per iod ot abou t one hour (refer to Table 1). r iQU e- thlkh I ' 2!%

scat tergrams of 1 s values, relat ing concenit rat ion, mean drokilet diarn'ter

anid I iquid water content as measured by the ASS!' and FSSP. ri~tir0t' 1 l~\

the average spect ral distribut ion over approximatelli an1 hour ', duirot ior

and F igure I14 shows a port ion of the ASS!'! FSSP coricen t ?-At i on'. alld I iJI

water cont~enits over a t ime period of v 2 min. Filitire 10 shoVs a Qoo

l inear relat ionshi ip between the conceilt rat ion's as ileA-sun d Kl thle ti, k,

however, the conicen trat ions seen by the ASS' .appear to he ai ti atoi ill

three ti gher than those measured by the FSSP'. Tire meani di ,vrretevN s as .how)

in Figure 1l show the ASSP sensino larger diametets on the I~eioe at. ha)

the FSsP. The source of this disc repancy becomesv obv iokis when look iln~l

at F itlUre 13 where the FSSP show-s much hi ihet %:oncrit rat ions ill tilt.

lower diameters than does the ASS!'. The ctoe r this rreqat ive skewsness

is riot full Iy under-Stood but a st roriq poss ib i Iit y is that t here was Vi' tho

an internal or external source Lit noise which was pic:ked kip on tle lowit'r S

channel-,. T h is d is i:r e p'atcv w i I IL, r e sol v ed Linn 1L theC i e \t t ; %. Id

season. The Ii quid water contorit (LWC ) a% measuired h' h te two ;inst I tmer'

is a r e flvc t i on o f t he di cr tp a nc e - b et we en thIIe two N inst iNert s in1
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regression coefficient of 0.80. P
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Figure 12 FSSP versus ASSP-measured liquid water contents (LWC)
for the data points presented in Figures 10 and 11. The
dashed line represents the best fit to the data, described
by LWC =0.27 OLWC +0.02, with a regression coefficient

fssp assp
of 0.77.
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concentration and diameter. The ASSP LWC values are alr:xst a factor o: V

three higher than the FSSP values. Aside from the difference in absolute

magnitude, Figure 14 shows that both instruments appear to be retnundi:>'

to the same changes in cloud water and droplet concentration, ;nmurin,

that the instruments are not just experiencing random fluctuation1;.

The factor of three differences in concentration remains a puzzle

which will remain a point of speculation until the next field season.

Possible causes might have been the shifting of the FSSP sample area, or

possibly a malfunction of the FSSP. The latter hypothesis is based upo!"

the actual failure of the FSSP near the end of the field season. Tho

real answer will remain unknown as there was a misunderstanding

with PMS when the probe was returned with the outcome that the FSSP was

modified for another project before the cause of the failure could be

ascertained.

d. Studies of the 20-C probe response

Our studies of the 2D-C probe undertaken during the 1979 field

season indicate that the instrument undercountsparticles in the smaller

size channels (midpoints 25 - 175 4m). This is most likely due to the

reduced depth of field (DOF) in those channels; however, the DOF correc-

tions supplied by PMS overcorrect the concentrations in these channels.

The 2D-C probe was operated in the wind tunnel at the Elk Mountain

Observatory while the mountain was enveloped in a cap cloud. Occasionally

during its operation (or when the ID-C probe was operated) oil cozted

glass slides were exposed in the wind tunnel near the probe, yet n.t inter- .

fering with the airflow. Ice particles were collected on these sl'ies

which were photographed in a bath of cold hexane. These photographs

were later used to count and size (in 20 pm bins) the ice particles. Many

of the oil-hexane (O-H) slides were overexposed; the crystals which wer 'I
collected tend to clump together and make counting difficult.

Only one O-H slide, exposed on 3 March 1979, was suitable for a com-

parison with data taken simultaneously with the 2D-C probe. For a I min

average, centered around the O-H exposure time, the counts per channt l

from the 2D-C probe were compared with those from the O-H slide (the 20

1m bins had been mapped into 25 pm bins) to determine a 'counting effic-

ency", This value is p!otted against particle size in Figure 15. Also

shown are the counting efficiencies found from PMS' DOF values. For
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oit :hamiel t the probe retpoll'.e C Io-.el v I v-ellit% I h at ~I ed iI 1,\~I't

ItheI i vs t c:hanite I (liiedii d i amnet(ev I h ' )' 0 A OC11. to tie "tit) jOt- t 0o . 1

los;s ofl DOF t hall 1)red i , toil. More 0 -H sI i ti- ompo I i %.ot' t I I t t Ill I

t I. de t 0,rmiit, i t th IS O I.oltilt lt11tq t c't lic ill i klit't ( 0 t h viltp I e 't I

cons is tenlt t v'It u rt o r this re~lsoll we hove Ilk-t 'a l War ed It'I I v, "Iv

DOF's for (tie 'D-C )!! we have done for t he 10-i~ III. .ma I *a'.

that thte p rob e w i I e it her detect 0or ili 1 ot re-b- 11.) 1 i~ le% depeild 1it.

ol ithte pos i t ion of thte par tiIle w 1 t i i Itheit beam ~III pos. i IbIv II i % i : r

OLI t- fOC LIS pa rt I les I s t hu-K, not cons i de Ied

OurI compo r i -3on' o f 2D- C dtita %vi t hi 0 -H % I i des~ in IthIe pa s t have nfI

Ca tcd that thte List- of Pms, siilI I ch~ino I IIVect io011. 1 e't I' 0,.u.i~I

h llh ice p.rt i C e 0.1un1ts I In thest. L-lmnioit. I h % ii IId0,1. to 0\t I 0MC I\ h-i 1h tI.1 1

conc en t rat i otis and er roneous I v simi~ 1 1 meanl d i au~t e ors .We have been lt .111

i nq :D- C probe daIt a us i nq a con,, t ant [)Of (tI iii) ,~ wh ich i i v I if-.0 It

tory tIleanl dt i ame10to e% and con en t r'At i or"~

The or i q ini of' thte und rcoun t i ng p robl I em wasi u r ther in'ves t ila t od

through thre us-e Of 11 111LVable 11perture. Thi-, dev i%:e couild t-ie tl ix\ed to,

t he 20- C 'm W-C probe t i s alnd providied a Icmi wide ale r tiureC thjout'h

which part i cles could pass. Tbhis opiellnk kg ould he lixied .101% Hot -i

I elgth botwe'.11I ll r i . Id th t tit, Ill ,be r-I 'oi. to 0 u J I I'.

t i , apeiI t i I t, Ia it~ t e I nvte I oi I I , It t I1 bI r )kV k . e I IkI II I'IkI't.

pjlN t. a 10 11 i t hie beall) I ent]t h Cont v i btlt ed to the ovei .1 1 1 So 4-1n'. 11 t

eoXpe r i melts WetIe con~duct ed in wh %IiC h q I ass bea,k ot kown " i :te Aiilte. Ie CIC

passed thr-ouglh thet apor t uro. Reads of 2r I, Ill t ie It etl t* 110t cI O '

byki the !inst I uimerit at al I . eiven at t h Ik tok.i a 1 ti o V th IIt't V t t e. I

pI t t h i S du11110 to t he tact t ha t thte c lotitk i mi I ite toi i h (-,e t Id 1.'

Iow (to mlat cl t it low pair tic I vel ok it ivs . .t 1f I i gi)( I vt' I o', i t 1. at1 1 vo -

a 6 lank tramie is veqec ted t(or the-.e pl it it I t, , i .e - ,0 Otit I .e'1 i:(. n'.Vd

wet v 100- 1 10 im ( peak dI .ulitot tor k 1011 ii w1th \ 'I01. ok tei dwt hit- 10 Ilk

wl hi rt). and 250- 300 11,1 (peak d i aie t v :6 i'hO lIIIi it I, '(8', ofit tlt beads it t the-

2 30- ?90 tli 6hi it. ) . sollit beads weret C.1111 tit I'd ok il q s I s I ; do%, t 'tci 1111 t 0 ' II~o

a)tid s i .'ed i II the h0il1.1111iiiiie as ft' o 0-i I i de% . A I nutm I eonce I %ki-- m a t I l te

ito Olto end ti t tit iiovaf t' .1pt t tfe ill Olifei to% '.i, k" Ithe I, eidf- tit otiol

As I, I d- wei t- --omt I ed t i titt e[ \ Io I' ik kc Oit I t ow t o ~* -C



t hV 'i, t it' head atecs (See F i %,cI'V 10I I,?) vI e,1 i k ti L I y I MACUei Midt

!1id "dlluitt hol 0." ill t lio i r CeiitoI5 I I IV '.V lit) I v!, We't I, V when 1h q ea dt

Welt t, V.iii d lear itlit, ceii tor po ,lit oft t lit, boeaiii I (could not tie deteri-

,inod til (ho-, h e st I whet hi,' or no I t t ie 1 irot iit ide i comit ed heads i n t tit-

I " i :e vh11.11ie I, aIs I lie ape rt u re 11ovt'd .1wa'y f iorii t lit' centeci po iit

hoa~i 10 1 10i i dd1101 t idiW ( 1110 o, Ii dii ent I \ponvrtn i p-W i It inc man I ,r

c e IO iai swi I did o cn hed ikinq was pai Ieent 1pr '.oi e io s iowt he andi t r
ttic :')0 300 tin beads I ewv part. i c I Cs wo e c *ecn ii t1 ho'se dhine I % I r anly

apt' it u re pos i t i oil Howeve r , thti peval chfilnne I s d i d ',ti f ft to I arqe r s , es

as, tilt. ape r u v riived away f rom tilt- cent er po int (F i ture 1 8) . Th i v If fevc t

1,411s i11.11" jic pronuiictd for , lie si I Ir s i : ranic~ of heads. St il I for ii~~st

ad ilt Uir I'V o it i on' tlie 20-C i maqe s i zes were inl reasonab I v alr-eement

%v i t h th lineain d iiieter iieastirvd froii thet 0-il -11 ides.

Ape r nr std ! Ut sCoindutiCted in tilie i id t uiine I were niv c ~onclustisvt'
Ill bt 11- ttide, hle 20Cprofit' was rllouiit ed ill thle illhd uiinc 1 and tile

mlovablI t. ape r tire at tac ed. it was mana I vived to tilte dif fle reiit pbs i -

t iOlns At iVI., t erval s of se r l ifIi itCS. CounIt iIl)t tl i C i Vill:evs weire de*t V r,-

mi nod kvv coipati Ink concentIrat ions per clialint'1tor apei ture, posit ions; away

Ii ur00 te .,Cen1t c I po- i II tt o t hose measu red ai thtle c en ter po i nt. The ta rqv

en~ds otie h si .e dstrihttions (s izes -200 Im) were miat ched qiraplii -

i ca I y to ad I ti' for aiiy k f fe rences inl total pai rtic i colc en trat iols.

iftcLlie t otal t ilt.' duirat ions of I t' I Iiit( were Thlor! (le!s thanl abokit 20

in)ri (lit' si .'c disti ittions were reasoiiah I cownsit.

1lit' ies1 ti o lit iyt' ' p IY of1* I' t'd ill i itire4 IH. Ciaiine Is 2-4 (Ilt'aii
... c W0-100 tml) --hiow tilie tirota test DO.' tc tt . Couni t ini~ e iIc ienci itsfor

I lt'-w chlie I', det rt'ase s i ~pii icant 1 y ., tilit' apei t nt di'.talice fromit(lt,

iiilt' ci o it i ic ica',c IM t'\aiii1i Ic, I tot (lit, secoiid liailiie (mt'vaii dia .ii.'tol

1,0 mmii1) thelttiititim elI I icionicv at I iii Ifloii thelt ast'r end was 41"., %vli iI..

ilt'S! to tile I'.ei ('1d j It was.' thtlie valu es for I cmi f roii tile de~tcCtkor

01mid \"'' e - I ;'Iid ivca1 i tit, tlt' ccl 0I end Wt1 i, 1 -~' . T(liet' VfI eCI t 1 ti (lit'

.I h. i iu e I k rit' I .tv .'1, ;o )i~ Ns no t v, %i I I v. iit k 001 I lk (- tt I i V vtI'

(ii iii Iher t hailr t- liit ti Ilie s'econld , haunt' I Illnti iq t 1011 7 3 aiid

Il 1r i.1,, ilmiq lii lie r Ir inn (t' cenittc p iilit

I(lit' Icpr -esioi of ilit, .'D ( pi tt at si.*, -e 100 11n is Close to thle IPMS

qlkI I t atl ktili'. Tilit, otnt I i M I' i c i t itv', fot (lit, Ii st two ciannel Is

t1Idpoinhts, .'i arid Wit im) i v %tmnewlat Iii 'thi thfaul IfI1 (il.'itv en bv PMS . At
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Figure 16 2D-C images of 100-110 Umi glass beads recorded on 2 April

to tiigdfeecswt h DCDScok oieaperture posi-
tions ae() 2c toadlsrsd frmcneponofprobe
aperture, (b) ' 1.4 cm toward laser side and (c) -, 0.8 cm toward
laser (d) at center point (e) 'x. 0.8 cm toward detector and (f) -'- .4
cm toward detector
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Figure 17 2D-C images of 250-300 jim glass beads recorded on 2 April 1979 at the
Elk Mountain Observatory. Elongation of images is due to timinq
differences with the 2D-C DAS clock. Mobile aperture positions are
(a) 'L 2 cm toward laser side from center point of probe aperture
(b) at center point and (c) \, 2 cm toward detector.
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Figure 19 2D-C counting efficiency plotted against diameter for wind tunnel
tests using the movable aperture. (a) movable aperture at laser
edge and I cm from laser edge of probe aperture,(b) aperture at
detector edge, (c) aperture 1 cm from detector edge. and (d)sche-
matic of movable aperture positions. Data was collected during
the dates and times specified.
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this point this cannot be satisfactorily explained; it could be due tt,

mis-sizino of larier particles, I iqht refraction or oter noi ',e.

With more 0-H comparisons, "effective" depth; of field could he

determined for the 2D-C probe. These would be used in data analyi, to

find the true ice particle spectrum from the measured ,lpectrum. At pre-

sent we will continue to use constant depth of field of 61 mni oilifiiret

by the probe aperture).

The 2D-C probe data shows counts in the smaller channels (si.'es

< 100 Wrm) for both the bead sizes (100-110 ilm and 250-300 jim beads), but

there is up to now no real proot that these are real anld lot noi;,e or

mis-sized counts. The probe did not detect 25-35 tim beads at any point

along the laser beam for the speeds used; while 100-110 m beads were

detected along the entire beam length. Unfortunately beads in the inge

between 35-100 tim diameters were not available durinq testing. Whether

the probe detects small (< 10 tim) ice particles, and with what effi-

ciencies, is a crucial problem, and we intend to focus much of our 1980

field work to findinq an answer to tLhis.

e. Studies of the ID-C probe response

The results of our investigations of the ID-C probe are in many

ways similar to those obtained from the 2D-C probe studies. The probe

undercounts particles in the smaller channels, due to decreased DOt's tor

these sizes (, 140 tim). Therealso appears to be an undercounting proble,

in the larger channels (' 240 tim).

Eleven O-H slides were available for comparison with ID-C data.

As for the 2D-C - O-H comparison, the ID-C data was a I miin average iround

the time of the 0-H slide exposure time (usually 2-10 s). Counts per

channel were compared in order to determine counting efficiencies. The

results are plotted in Figure 20. PMS includes a "sample probability" for

the first three channels. This is a theoretical value, ranging from "26%'

for the first channel to 89% for the third and describes the probability

that a particle in that size range is correctly detected. The predicted

counting efficiencies with and without this factor are also plotted in

Figure 20. The general shape of the data curve agrees well with the PMS

values, but it does appear that the counting efficiencies are higthet in

the low channels than those given by PMS. The data seem to match most

closely the curve obtained by excluding the sampling probability. In

2q
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Figure 20 Counting efficiency plotted against ice Particle diameter
for ID-C data (o) and those predicted by PMS' depth of
field values (- and-------). ID-C data is based on
11 0-H slide comparisons; means and standard deviations
are shown. The data were collected on 16. 17 and 25 March
at the Elk Mountain Observatory.

30



addi tion, the higher channels (sizes 2140 win) undercount part i e' t,. -,I,

reason for th is undercount in q is notL undet-, tood .

In det ermni ng the mean s ize of the samlp led beads. id o1 i t.t prr i-

cles sampled in the wind tunnel , the DOF's .ulpll ied by PMS Wert, 1'ed

wi thout incrusion of the sarnulo probabi I i t ie, even thotug-h the 2-H i
comparison data, suggest that these vatlues nrav be sI i jh( IN, smlI . t,-

as shown in Figures 21 and 22, they yield the hes;t 3(vreeent h)etweerre.r' 1

diameters and their dispersions as determined trom the 0-H -si ide.'. U 'i riq

a cons ant DOF g ives mnea n d iameters too l arge and d ispers ion cott t ic ie-)t.

too smal;I i nclIud ing the samnpl e probab ilI t ies i n the DOF'~ ive j iimietor,,

too smnall an(I dispersions too large. The shape-, of t hie -.pvc t ra ott a i "e(I

f rom us ing t he PMS DOF's match mos t c loselIy those f rom 1, te 0-H data see

Figure 23).

I n a manner s imi Itar to that used f rom the 20-C probe, thle re,,pon'.e

of the I10-C probe was exami ned us inrg the rb i Ie apertutre and qglass ba'

The same size ranges of beads were used as in the 2D-( tests, except when

the beads Were sized by hand only those bead. with diameters Ivs,, tthan

31 0.- were ticlIuded . (The 25-35 irrw beads were tiot ava lablv tot 0r'',m'-

t e s t s

The iearn di ainet ers of the sampled beads as weasuie D\~lw t 're 0D--ktf

are plotted against distance from the center point of the laser tear i

Figure 24. There is a notable increase in nwasured meaii diameter as thot

aperture moves away from the center point, arnd. a,, for the 2D-C, rti, i

more pronounced for the smnaller glass bead-;. The ID-C probe rvep-'wc

the larger beads is nearly constant for all aperture posit ions, oxs,

for the undersizing that ieems to be occurring at the center point )t

the beam. The 10D-C mean diameters are in good agreertnt Wvi t ') th trs ile'a-

sured for the beads for most aperture positions.

Count inrg eff iciencies for each channel were also det ertr'i!rd tor thte

bead tests. Couints per channel for aperture pos 1it ions awaav t roor the

center point were "normal i zed'' to those' MeaSured It the' Ceirtem point t,%.

comparingl the total concentration of count% for sizes ISO. I rl la1 ioe'

(hese channels did not appea r to hie atffec ted by changes, in riapem tloitre

iposit ion), and adjust ing the remaindei of the specttr .ictordi'.I I,),

count inq eff ic iencles for the sinaI 1r channels Were their det ived. fi'

ure 25shows the results of these calculat ions. CnnelIs 2-4 kvlear- .i

3 1
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40-80 mi) are those most affecteCd by Citiits in tile apert ure pw~. t ionl

CounI 1t if nI (I Vf f i eC i1 i e!, fO r tile f iI-S t ChdIrar I (ivrau ' i ze 20 i~nl) rmra i n

fa irlIy higqh (90-l190't") fot al I I os i ttioril . he 'ounnt i nq( elfi c i eric iv-', 10f

h le Second t 111 trigi Conr t h chanrie I ar 10% holt fx) t atI tcc t ed by Char r1jo's i n

the aper t ur- pIOS i t ion; for example. t tie cokni I rq of Cf i c it-tic i c's t )vIlt-e

ti i Ird channelI (mean s ize 60 1111) ran( c f'rom 1,1- I Mh whnteaeiiei

-5 mm f rom Lthe, cen Ler po int1:, t o I 3 - 7 -9' whenl t ie a perit Lire II

Ct11- rm thle c clit et IPoi tntt

Aperture' tost, were al so conducted in the wind tunnel, wirer: ice' I '

al s and blowing snow part i cles were sampiled . itie ID-C pt obe wa'. opet .tt1e

with the mlovable apert ure, and the 2D-C was rim a longlside. to rini tor tlie

stize di stribut ion' of ice particles in the clouid. These test. were e

formed onl several days (see TablIe 1 ). Couint s per chianrnelI were recorded tor

the d ifterenit ape r ture pos ittis-, and comnpa red to t hose recorded for tilh'

ape rt tire dt tile center poit t, Tire concen trat ton-- per channe I were adj Li. ted

for changjes tin the total cloud ice part i cle coticeit ration (as rniv iired by

the 2D-C probe) before counti ng eff ic i erc is were determinred; the ' irair

of tue size distribut ion did reiiain nearly cotistatt

Thle coui nq eCffi c iencites obt a inedl fromi thre w ind ttuine I t Cs t, we r-

highqier than those fromr the glass bead tests yet they display the'ati

t enderies (see F i gure 26) . As thle ape r ture nixives Cfror tlie Coent nroint

of tilie probe apeImCIAtire the counit ing e ffi cietncy of ciiaiie1 2-)~ dL'c rea'.ed

significantly, whi le that of the first chatitel reti ris fa irlIy if i oh. The

count Hg eff ic ietrcies fromt the g~lass bead tests were fairly y\'njjc'nt I 'Wi

thle center point of the laser bearr. For these, wind tuininre te't*,"a"'

dogree of asytnrnet ry about the center poi itt is observed; the ia-tkiria (','I

cal center point may be dhisplaced sI igit ly toward tlie laser '.ikit- o! t !

probe aperture. Recall that tile oVVerOl I effect (d'; ',rwinr I i gtret 10

obse rved was t ha thtie p robe urnde rcoutted in rr ii ie r charnnelIs . ]it I

thle caev for t lie apert ure po,. it. i on abou t 2 cmt I ri I h tir eirt orm po irit )ir

vi t he'r 'ii (it, , however , at t lire ext refill, dges thlit pobe t)Vet cijnrl t t h i

overcoitint i nn occu rs ol~t Iy a1t thle ex t I emel erlikl o1 tine I ,iset treatin, tI a

stia I I f ra.c t ioil of i ts ent i re I etligt ii,. t hiew r'esit I t s' at c riot rit,' e'.I I N

I ridti s t oilt w it hi t le over I I i tj Lt t Th n'.iveraqv' t .nkeri over t ire oniC ti,

beamr I etigi hi -oft I d s t i I I n'e.ul t I i n tidercount i rig.
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The totalI ice part icIt CoriCet. t 'errls ireasured by rI' I eID-f j) Ih kI, It

about 25':- 1 owe r t han t hose measured s i mu I t a neous I y hby t he 2D- C I) ro I, i!

1'art iI dc s i ze -_ 300 wit onlIy) .The undercount in'q ob'-.ervtd in) the h b

channel s of the I -C p robe may accounmt for t h is. In t het lower t, -iflImi I

whrerc, the undercournt inq is duec to part ic lc., h~e i u ou. ot thte der'p

field, the PMS Correct ions for smakl I Part icle Sii.es wht i \'t- were d 1,

ually overcor-rect slightly for concentration.

Knol lenberq (1975) has determined a set of relat ions between measured

versus actual crystal size for various ice crystal types sampled by the

iD-C probe. The correct ion of I I ice (large and smial I irregular snow) !%as

been applied to the ID-C data set for comparison with 0-H arid 2D-C data.

The results are closer agreement inl mean diameters (see FIgure 27) and
in the shape of the particle spectra (see Figures 28 and 29). These

Corrections particularly imiprove the larger end of the spectrum, where

it appears that the I0-C probe is undercounting.

The depth of fields for the 10-C probe are listed in iable 2'. This,

table includes PMS' depth of f ield-n- with arid without the ''saripl inq pro-

babi I ity-and those calculated from the cotintirig ef ficiencies fouind f I-

ID-C - 0-H data comparison. Those DOF's found for lower channiel. (- ISO

urn1) are sinaI 1cr than the PMS valutes, however, those for larger channel,

G.240 urnl) are general ly l arger. I t is our- intent ion to ver-i fy the coo -

sistency of these values during the 1980 field season.

The undercount lug of particles in nsmral I size ranges (- 100 lrn) for

the ID-C probe can be explained as be ing due to the reduced 0PI 's, in

these lower channels. Tire quoted DOF's actually sliihrly overcorlec. tot

concent rat iOnis in these channels.

As for the 2D-C probe. however , we canniot het sunre that t hese coin rs

.1 tre rea I u rign the gasbead tosts, on the 11)-C probe i's inti rthe r'sa ce

aperture r edtrc tions i n partic ICcout" if) thie s111,111 011111l hanrke mile; nol 

as the aper t ure wi;as moved f rom t he ceiitoer poI int of t he hcanr Thi, I s as ri

obseorved i ri the' 2D-C p robe data; counts, i n the firs t t hret, c hauint'l- I r'aijned

tinear lv con'. tant at all aperture posit ions. Tho~ reduct ion in tot, ,5 exj,, r

it the DOF '. %iere indeed sinalI Ir- for those chanrie Is. This suppor t, '.rhi'
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Figure 29 Concentration plotted against ice particle diameter for data
collected at the Elk Mountain Observatory at 1020 MST on 17 March 1979.
ID-C data uncorrected (--) and corrected (ooooo)as "Irreqular Snow"
(Knollt'nberq, 1975) and corresponding 0-H (-) data are shown. The
0-H slide was exposed for 10 s; the ID-C data are a i min average taken
around the 0-H exposure timne.



TABLE 2 oevot ot* rieii vs. Diajmetor
rms ID- C I'-h Modol OAr- 2CIO\

1 ~~DEPTH Of IL)~z

CHANNEL MFAN FROM DATA VMS 7-7 -1T <si

DIAMETER wi _________ ____

I20 3.24 1.4

4o 8~.36 4.8
1 6 17. IW 10: 4k .1

5 004 . PM) 3,:t.

6 120 4,-. to1 3!7. 8'
7 140 64.bb 3

8 160 to.00
q ISO 57.q;i

10 -00 51-14

11 220 44.53

12 260 4'i.7q

I5 300 1, -7; 6 1 . 00

Inc udt~ jp 1 prh~b ity
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ad few or no water droplets werc. pro- en t. These samples were taken at
132030-132230 MST on 14 April 1979. Pie key to the values; listed above the
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1~W ik I Iit Ii C~' I "I"

W ere- t ke'' 1 0r c0111ar I i,on TheI D - J dat 1 .jdi a na I Vz'od ki, i fl het l

deVoIPtn or S ;t d ,'' r etiil t i I 'i rem )11 uIir -,t Lid i eS otf lie, 11 P- C I b te ( To 41a I'

2). Th is qiavv our best, e Ia itat ort the ice particle.p'c a

In the presence of ice prrt ic Ies,, the \SSP <clrnsowf

but ions of counts in allI chanrnelIs . When no0 cIlu droplets werc pre,,ent

counts are seen in all channels, and concentrat ions are kiir e low kbhj!

do not car res paid to the true ice part i c I concenit rat ions) 1n ;':

clIouds , the d rople ct 's p ike'' is SSuper im1posed uponl th isc bac k,,ound of tcouflt~

Several examples of this are shown in Figures 34-36. The in-C. ASSP aid

cloud gun spectra are graphed anl the samne scale. The flat di st Ibut ion.,

in the higher channels are clearly distinguished fromi the droplet seta

It is important to note that these flat distributions, preoimahlv rooki i -

ing fronm ice particles, are not seen in all-water cIlouds.

The three spectra shown represent widely vary inni ice pairt id:e or'-

trations as measured by the lD-C probe: 1 4S 43, anld 190 -I*avra

t.ioi of two orders of inaqn i t ude . (The correspond in i rp It I'c I

t is changle by ,200': , t hey are: 293 , 1 16,. a rid 3 72 c:"'r3 s raie

tdv the ASSP). The fla)t ''tails'' of the ASSr ,pectra dia-we rl'"-it C\nct l\

in propart ionwith the ice particle conceiitratiOrP'. Thu-. i t hr'

!1he~ ui te clIea r tha t the flIa t di st r ibu t ion,; iii thle ASSP doat ir i c~

MOne ClIoselIy wi th the concen tra t.ionls oif i cc part i CI thin wit t11"-'

cloud droplets.

S iiiIa r ohbse rva tions havye bet doc umenited tIl (rtit' >r

oresence ot ice part1 ideIts, a I'lat d i t rihitit tll oh p'a t c 1 ' .0''

he whole rartqe oth the iris trumerit , W itIh a3ue 'p~d rpIeI.

In thle preserice of the ice part i cles , the ASSW trid f dl' c eid drop iot

probes experience counts distributed fairly evenly ever tlire crti ie sI -

i ng ranqre . These couri t s do not exh) i b i t a one - to-one cof r re- p~odencte w i ti1

cc par t iclIe concen t ra t i ois as mvra-; kirod by t lie I D -C p)robe: i .-es arid Con -

centratiotis are riot correctly ritasured. It nIay he that each ice particle

pass ing throucih the ASSP or FSSP laser heari resulIts in se\'er-a 1count1

I io
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A I'v',LJt al l an kl Ict IK)I0t' htall n.ihl pL I t ',V C'~ 0~e'

kJ Whiwh ifl d1 .pendciit Onl lir Ie~ V01 i k W) and ho m f

IIoe indIeet 'C i rcu i try k 1 ) d I S k .. ~) Is I ii'

t r T S w and A\t ill'; I I.,") ,i Im I lAS 0 i8i) f

ills ,d L 4 0 11111. l- the~ dara Onl hand t hes'e I 'i i ie e vodcdl ,

manyv c rys ta Is . However, ;i nce [fhe numibr ot tl put- PU n iiims iai

the number ot crystal!,, it appears that ulmsLia pukI e lu )Ie_0rdLv htd

scat toring from crystals canl result in mIultipleV COUnt% truuu-i-1 kac Ncu.tal

in a way not now understood. However * these flat dis't r ibt io n.,i 11'. .

d is Li nqIi shed f roml thle spec tra obta inted Ironi t le clIouid Litop lI a t I ea..t

when a broad dis t r ibut ion of clIoud d roplIet s i s not enicoun t ered i mill I tam'I

ecous Iy.



SU dMMARY AND CONCLUISIONS

I rom theL st(ud ie CI di 'iu~'c ni t h irepor t we can dei ye thIll fo I 1 ow i iir

peI i nilary cotic Insi- ionls C01nc1r n rq Ineasui-emirc s of c I oiid 1part i c I e pect r.i

I .The measurt od sairp It, area of t he ASSP was found to be 0.- 35 fi'2 corn1-

pa red to t the PMS va I une o t 0). 32 i11111 and the yel1oc ity reject per1cent aqe wva k
68K: compared to 62K i y en by PMS .

2. CGS and ASSP mleasured droplet spect ra are inl fai rly close agree-

mnen t , however .we suspec t -i sampl i ng problIem wi th the CGS as h i n ted at

by the persistent ly highr droplet concentrat ions it gives.

3. The response of the 2D-C prohe at sizes -100 pim is close to the

PMS Spec if icat ionls, wh ilIe count inq ef fic ienc ies in th li Iowe r channelIs

are somewhat hi titer than expected. There is as yet, however , no proof that

the counts ill these low channels are correctly interpreted.

14. The meastured diameters of particles increase, for particles

further from the focal plane of the detect or optics of the 2D-C

Arid 10-C probes. The overall effect of this is a sli gt overs izinq of

pa rt icles, - 21.).: at sizes near 100 in, - l0"~ near 250 tun.

T1e )-C p robe unde rcounrt s par ticl1es iln the lower channel s (140
1,iii) dtIte to dcreasedi depthIs oif field for these small s i es . The depth

of t ioeILI co rirec i ow spec i f ied by PMS s 1i qh tl1y over cor-rect to r t hi s

v f I fec the'l I 0-C p robe al1so appears to nulde rcourr t iln hi qhc r channel s

181r) .m) aind it ir ii( rot known at t Iri t imie whet hoi ti is due to mii-

sri.*iii~,r t'part ikde reject ion.

6 . The AS6P aind F SSP probes r e- poidto i cc part i c Il' wi !h a nca rl 1 i i-

tot ill di tr i hut ionl of counts ill al I size channels. Th is flat spect runt is super -

rrpos'e onl anly rleal drop let s'pec truml which trlay he present . The false count s

.1t1 tat t0 ,oi iii t) tn WOtO tri'lihei 1, than I ct11al1 colcolrtrat iotis of ice partI i -

,% te dvepeihl(Vrc ofthIris tact or on1 t v~aIypt. i" not yet known.

Ilr. i . "'nII' ht'liirt'. irtt'i thi , Coirt Ililt si110,t0st 'L'V0'riltopic'. tot

I1 iilv dill1 i nIt, t fit 1 980f) I d iieason. Tht-et i ncitile:

* con tii iu ht'it-1. iii'ton i irati ll ons L de'pth ot fielId Io 0, he r ssr
,titd A'S 1W and ve'loc it y reject percetaLteil f or thre ASSP inl ordjer to doetcl

sii o d r i I ts inl tlit'',v va ILies wi th t imie.



2. Deve lI pmeC I Aiid t elt li i I al. F~FY'l v % I kid$ Iu I r I p d I

hi s wv i I I b e faId j OiledJ at t 0r 1. 1 e I 011 k. 1,1 I 1Y LI-.V1 i i Int1Ir A

res'ar ICh1 a I I : IIt \.dfl i LIt ha tweit -lrhowni t o kCi ye v t t *I t .1 IW if li11op IF

t I'la

3. La'o I atoI)ry an11d W inId t unnelC (ObSelrV,1 iOIP-, 01f Ill O IJ1 -.0

t hic A*SSP aind FSSP. and coipal i "OFof k t I i '1o I t ',Ie W k i I II

t rI'011 thIe C I lud 11un1

4. Clasbead and wateor dropl et C es on thie 10-( an T-11( l) i

Co0 do C h de th o-IliI1 V J01 5 0tf Ci e I d 1111d C C 0 LI 1 t I I es k. IF I it I)IwF

channels (-100 trn)

5.Further studieos i uvol vi nt the 20D-C probe iFl comnpai son wiVti

dat a t roF imrpaction SlIi des and tho I D-C 1p obe) ill F-dl t o Ilkl rt Io*

S t tdy the reVspon1se OfC t hs probe to ice paltCi c Ies C Ihrouiqtrou ItCs eni F 0

6. I n terp r et at ionl o f thte 2 D- C (Ie poIa ri11at iOil da taJC011C t.leed dr nlI 1,

the 19 79 fC jelId seasoni. Furthei stud it-, of Ethe 20-C depol ar i Yt ionl- 1,

for d if ferent types of ice palt ic le-, are al so planned.

7. 1nvest i Ilat i oi of t t he .1 ra [)[M C 1 11 FF11dO ICOuFFC nI of Cl) h0 I J) -L C I obe

the h)i kiler chaniwiI S k'180 Vim)

8. E xp 1 .aat io ofF t the obser ved r esponse ofC t he ASS P an d FS Sr pI obe-.

to ice particles.
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